Abstract Purpose: Fifteen independent genetic variants have been implicated in prostate cancer risk by recent genome-wide association studies. However, their association with clinicopathologic features of prostate cancer is uncertain. Experimental Design: We systematically evaluated these 15 variants in 1,563 prostate cancer patients undergoing radical prostatectomy, taking advantage of the uniform tumor stage and grade information available for each of these cases. Associations of these variants with aggressiveness, pathologic Gleason scores, pathologic stage, age at diagnosis, or serum prostatespecific antigen (PSA) levels were tested. Results: After adjusting for multiple testing, none of the single nucleotide polymorphisms was individually or cumulatively associated with aggressiveness or individual clinicopathologic variables of prostate cancer such as Gleason scores, pathologic stage, or age at diagnosis of prostate cancer. The reported risk allele (G) for single nucleotide polymorphism rs2735839 in the KLK3 gene at 19q13 was more frequent in less aggressive prostate cancer patients (0.89) than in more aggressive prostate cancer patients (0.86; nominal P = 0.03) or in controls (0.86; nominal P = 0.04). Considering that this allele was also significantly associated with higher serum PSA levels among controls (nominal P = 0.003), the observed trend of higher frequency of this risk allele between less and more aggressive prostate cancer, or between less aggressive and controls may be due to detection bias of PSA screening. Conclusions: Prostate cancer risk variants recently discovered from genome-wide case-control association studies are not associated with clinicopathologic variables in this population. Casecase studies are urgently needed to discover genetic variants that predict tumor aggressiveness.
Recently, several single nucleotide polymorphisms (SNP) have been implicated in prostate cancer risk by genome-wide association studies (1 -9) . In contrast to the difficulty in replicating association for previously reported prostate cancer risk variants (10) , these novel risk variants can be consistently replicated in multiple study populations (11 -20) . However, results on associations of these risk variants with clinicopathologic features of prostate cancer were inconsistent. Although there is a moderate trend of risk alleles observed more often in prostate cancer patients with early age at diagnosis, higher Gleason grade and/or stage or more aggressive form of the disease in some reports (1, 3, 5, 11 -14, 15) , no such associations were found in other studies (2, 4, 16, 17) . These inconsistent results may be partially due to the heterogeneous nature in evaluating clinical and pathologic features of prostate cancer.
To better understand associations of these variants with clinicopathologic variables of prostate cancer, we systematical evaluated all prostate cancer risk variants reported to date from recent genome-wide association studies in a population of 1,563 cases who underwent radical prostatectomy for treatment of prostate cancer at Johns Hopkins Hospital. Because each patients' cancer was extensively and accurately graded and staged using uniform criteria in this case series, it offers an excellent ability to assess associations of genetic variants with clinicopathologic characteristics of prostate cancer.
Materials and Methods
Study subjects. The JHH study population was described in detail elsewhere (12) . Briefly, the prostate cancer patients were 1,563 men of European descent (by self report) who underwent radical prostatectomy for treatment of prostate cancer at The Johns Hopkins Hospital from January 1, 1999, through December 31, 2006. Because the prostate gland was removed entirely for each patient, each tumor was accurately and systematically graded using the Gleason scoring system (21) and staged using the tumor-node-metastasis system (22), as described previously (23) . We defined more aggressive and less aggressive disease based on pathologic tumor stage and Gleason score (Table 1) . Tumors with pathologic Gleason Scores of 7 or higher, or pathologic stage T 3 or higher, or N+ or M+ (i.e., either high-grade or nonorgan-confined disease) were oversampled from this patient population and defined as more aggressive disease (n = 1,017). Tumors with pathologic Gleason scores of 6 or lower and pathologic stage T 2 /N 0 /M 0 (i.e., cancer confined to the prostate) were defined as less aggressive disease (n = 546). In a recent study with postoperative follow-up for >2,500 patients with pathologically organ-confined, Gleason score 6 or less prostate cancer, biochemical recurrence and local recurrence after radical prostatectomy were extremely rare, and no patients experienced distant metastases or prostate cancer specific mortality (24) . Normal seminal vesicle tissue that was obtained and frozen at the time of surgery was used to isolate DNA for genotyping of case patients. As a reference group, men undergoing screening for
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on April 4, 2017. © 2008 American Association for Cancer clincancerres.aacrjournals.org Downloaded from prostate cancer at The Johns Hopkins Hospital and The Johns Hopkins University Applied Physics Laboratory during the same time period were asked to participate as control subjects. Serum prostate-specific antigen (PSA) levels, digital rectal examination results, and demographic information were available for these subjects. A total of 482 men of European descent (by self report) met our inclusion criteria as control subjects for this study: normal digital rectal examination, PSA levels of <4.0 ng/mL, and age older than 55 y.
Selection of SNPs and SNP genotyping. We selected 15 SNPs that were implicated in four genome-wide association studies and were replicated in at least one independent study population in the original papers (1 -9). They included one SNP each from 8q24 (three separate sub regions), 17q12, 17q24.3, 3p12, 6q25, 7p15, 7q21, 9q33, 10q11, 10q26, 11q13, 19q13, and Xp11. The SNP at 2q15 was not included because no evidence for prostate cancer association was found in this study population in the initial report (8). These 15 SNPs were genotyped using a MassARRAY QGE iPLEX system (Sequenom, Inc.). PCR and extension primers for these SNPs were designed using MassARRAY Assay Design 3.0 software (Sequenom, Inc.). The primer information is available at the Wake Forest University Baptist Medical Center Web site. 6 PCR and extension reactions were done according to the manufacturer's instructions, and extension product sizes were determined by mass spectrometry using the Sequenom iPLEX system. Duplicate test samples and two water samples (PCR-negative controls) that were blinded to the technician were included in each 96-well plate. The average genotype call rate for these SNPs was 98.1% and the average concordance rate was 99.8% among 100 duplicated quality control samples. Each of the SNPs in the autosomal chromosomes was in Hardy-Weinberg equilibrium (P z 0.05).
Statistical analyses. Allele frequency differences between two groups of patients (more versus less aggressive, early versus late age at diagnosis, or organ confined versus nonorgan confined) were tested for each SNP using a m 2 test with 1 degree of freedom. Associations of increasing Gleason scores (V6, 7, 8, or z9) with risk genotypes of each SNP, assuming a dominant or recessive model, were tested using the Cochran-Armitage test for trend with 1 degree of freedom. Associations of serum PSA levels with each SNP were tested separately in patients (preoperative PSA) or in controls (at the time of sampling) using an additive model. PSA levels were logarithm transformed before tests.
We tested the cumulative effects of prostate cancer risk SNPs on aggressiveness of prostate cancer by counting the number of prostate cancer -associated alleles (based on the best-fitting genetic model from single SNP analysis) of these 15 SNPs in each subject. The odds ratio for more aggressive prostate cancer for men carrying more prostate cancer risk alleles (2nd, 3rd, 4th, and 5th quintiles) was estimated by comparing to men carrying the lowest quintile (1st) using logistic regression analysis. The Cochran-Armitage test for trend was also done to test increasing risk for aggressive prostate cancer with increasing quintile of number of risk alleles.
All reported P values were based on a two -sided test.
Results
As a primary analysis, we tested associations of these 15 SNPs with aggressiveness of prostate cancer defined using tumor stage and grade as determined for the radical prostatectomy specimen (Table 2) . Three SNPs reached a nominal P value of <0.05, including rs9364554 at 6q25 (P = 0.04), rs2735839 at 19q13 (P = 0.03), and rs5945619 at Xp11 (P = 0.02). The reported risk alleles were more frequent among more aggressive prostate cancer patients for SNPs at 6q25 and Xp11. In contrast, the reported risk allele (G) for the SNP at 19q13 was more frequent in less aggressive prostate cancer patients (0.89) than in more aggressive prostate cancer patients (0.86; P = 0.03) and in controls (0.86; P = 0.04). However, when a Bonferroni correction was applied to account for 15 independent tests, none of the SNPs reached an adjusted P value of 0.003 that is required for a 5% study-wise significance level. Results were similar when we removed cases who have Gleason score of 7 and localized disease from the group of more aggressive prostate cancer.
As a secondary analysis, we tested associations of these 15 SNPs with individual clinicopathologic characteristics of prostate cancer (Table 2) . For pathologic stage, only rs2735839 at 19q13 reached a nominal P value of <0.05; the reported risk allele (G) was more frequent in organ-confined than nonorgan-confined prostate cancer patients (P = 0.02). For age at diagnosis, none of the 15 SNPs reached a nominal P value of 0.05. Similarly, we did not find any significant trend of association between reported risk genotypes (using either dominant or recessive model) and each increasing Gleason score (V 6, 7, 8, or z 9). As shown in Fig. 1 , we observed no consistent increase or decrease in the patterns of the reported risk alleles with increasing Gleason scores.
We also tested association of these 15 SNPs with preoperative serum PSA levels among all patients. Not unexpectedly, no significant association, at a nominal P value of <0.05, was found for any of these 15 SNPs (Table 3) . To assess the association of was significantly associated with PSA levels in these men (P = 0.003); men who are homozygous for the reported risk allele (GG) had higher mean PSA levels (1.23 ng/mL) than carriers of GA (0.86 ng/mL) and AA (0.79 ng/mL). This association is biologically plausible because this SNP is in the 3 ¶ of the KLK3 gene that encodes for a PSA precursor. Finally, we tested the cumulative effect of these 15 risk variants on aggressiveness of prostate cancer. The odds ratios for aggressive prostate cancer were estimated among patients who have 2nd, 3rd, 4th, or 5th quintile numbers of prostate cancer risk alleles, respectively, compared with patients who have the lowest quintile of prostate cancer risk alleles (Table 4) . There was no significant trend of increasing risk for aggressive prostate cancer with increasing quintile of number of risk alleles (P trend = 0.33).
Discussion
The systematic evaluation of all reported prostate cancer risk variants in this large and uniformly evaluated case series from a single hospital provides compelling evidence that the prostate cancer risk variants discovered to date from genome-wide association studies are not strongly associated with clinicopathologic characteristics of prostate cancer. The null findings from this study were unlikely due to lack of statistical power to detect association. To increase our ability to detect SNP effects on more aggressive disease, we oversampled men with cancers with high-grade or high-stage disease as determined after radical prostatectomy. With 1,017 more aggressive and 546 less aggressive prostate cancer patients in our study, we have >80% power to detect an allele that is 0.2 (0.1) in the population that confers odds ratio of 1.3 (1.4) for more aggressive prostate cancer. Because all the cases examined in this study were candidates for curative surgery, these associations should be also assessed in large populations of men presenting with clinically nonorgan-confined (i.e., metastatic) disease.
The lack of association between these prostate cancer risk variants and aggressiveness of prostate cancer was also found in the data from National Cancer Institute Cancer Genetic Markers of Susceptibility Initiative (CGEMS; ref. 4). The CGEMS study subjects, including 1,172 prostate cancer patients and 1,157 control subjects of European Americans, were selected from the Prostate, Lung, Colon, and Ovarian Cancer Screening Trial. Among the prostate cancer patients, 737 were classified as having more aggressive prostate cancer, defined as clinical stage T 3 /T 4 or Gleason Score of z7 based on biopsy specimen, and 624 were classified as having less aggressive disease, defined as clinical Gleason Score of <7 and stage of less than III. We downloaded individual genotype data from CGEMS Web site 7 and tested association of these 15 SNPs with aggressiveness of prostate cancer. Fourteen of these 15 SNPs were directly genotyped as part of the f528,000 SNPs in the CGEMS genome-wide association study. One SNP (rs16901979) was imputed from the adjacent genotyped SNPs at 8q24 using the computer program IMPUTE (25) . Among these 15 SNPs, only the SNP rs2735839 at 19q13 was significantly associated with aggressiveness of prostate cancer in the CGEMS study (nominal P = 0.003). The association remained significant after adjusting for 15 independent tests using a Bonferroni correction. Interestingly, similar to the findings in our study, the reported risk allele (G) of this SNP was also more frequent in less aggressive prostate cancer (0.89) than in more aggressive prostate cancer (0.85) and unaffected controls (0.84). The lack of association between prostate cancer risk variants and clinicopathologic characteristics observed in this study has important implications. From a mechanistic perspective, this lack of association with stage or grade may indicate that the initiating events for both more and less aggressive prostate cancers are more similar rather than disparate, and that other factors are more important in determining the aggressive nature of individual prostate cancers. Whether these other factors are genetic, environmental, or stochastic in nature will need to be determined by appropriately designed studies. From a clinical perspective, the unfortunate implication is that these SNPs only provide information about who may be at risk for any prostate cancer, as opposed to a cancer with a predilection for more or less aggressive behavior. Considering that a significant number, yet only f20% of all prostate cancer patients, die of the disease, it is important to identify markers that predict risk for more aggressive prostate cancer. This subset of patients need to be diagnosed earlier and treated aggressively.
It is interesting to observe that prostate cancer risk allele (G) of rs2735839 in the KLK3 gene was consistently higher among less aggressive (0.89) prostate cancers than more aggressive prostate cancers (0.85-0.86) and unaffected controls (0.84-0.86) in both ours and the CGEMS study. Although the basis for this difference is unknown, it may be due to the association of this allele with higher PSA levels per se, rather than with prostate cancer risk. Because the vast majority of patients in this study were diagnosed as a result of elevated PSA levels, any alleles that contribute to such elevated levels will tend to be present in higher frequency among cases, regardless if they are directly associated with prostate cancer risk or not. It is possible that patients with less aggressive prostate cancer are more likely to carry such PSA-elevating alleles than are nonorgan-confined patients whose PSA levels are elevated as a direct result of more invasive prostate cancer, rather than the allele associated with higher PSA level. If these speculations are correct, the association of this SNP with aggressiveness of prostate cancer merely represents a detection bias due to PSA screening. Based on the same argument, this PSA-related detection bias may also account for the different allele frequencies of this SNP between prostate cancer patients as a group and controls. Obviously, further studies will be necessary to dissect these relationships.
It is important to note that failure to detect association between these prostate cancer risk SNPs and clinicopathologic variables of prostate cancer does not imply lack of such genetic variants in the genome. These 15 prostate cancer risk variants were all discovered using a case-control design. Different study designs, such as case-case studies that compare genetic variants among more or less aggressive prostate cancer cases, should be more efficient to identify genetic variants that predict aggressive characteristics of prostate cancer.
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